Abstract Chusquea is a diverse but monophyletic genus of Neotropical woody bamboos from primarily montane forests that comprises four well-supported lineages: subg. Magnifoliae, subg. Platonia, subg. Rettbergia, and the Euchusquea clade (comprising subg. Swallenochloa and subg. Chusquea). However, the relationships among clades or taxa within the Euchusquea clade inferred from molecular data are mostly not congruent with those inferred from morphological evidence, consequently limiting our ability to understand species relationships. In this study we generated foliar micromorphological and anatomical data for the Chusquea ramosissima informal group (Chusquea ramosissima, C. tenella, and C. tenuiglumis), and for the putative new species from Bolivia in this group, in order to test the value of these types of data for defining species and to seek potential synapomorphies for this group. Our results demonstrate that epidermal features, mainly with regard to the stomatal apparatus, proved to be more valuable in distinguishing species than anatomical characters. The presence of horizontally elongated silica cells over the veins and adaxial arm cells with invaginations from the abaxial side was shared by all the studied species but is not unique to this group. The type of trichomes, shape of silica bodies, type of arm cells, and midrib structure may be useful to lesser degree. All four species exhibited intraspecific variation in development of the papillae on the long cells. Support for the recognition of the new species from Bolivia is provided by micromorphological characters. An identification key based on leaf blade features is provided for the four studied species.
Introduction
Bambuseae comprise one of three lineages within Bambusoideae and include at least 812 species in 66 genera . This tribe is mostly diversified in tropical forests, both lowland and montane, and mostly in relatively humid habitats (Judziewicz et al. 1999; Clark et al. 2015) . Two major lineages are currently recognized for Bambuseae based on molecular data (Sungkaew et al. 2009; Kelchner and BPG 2013) : Paleotropical woody bamboos (seven subtribes, 407? species), and Neotropical woody bamboos (three subtribes, 405? species) (BPG 2012; Clark et al. 2015; Wong et al. 2016) . The phylogenetic relationship of the three subtribes within the Neotropical woody bamboos [(Arthrostylidiinae ? Guaduinae) ? Chusqueinae] has good support (Kelchner and BPG 2013; Wysocki et al. 2015) , although no defining characters have been identified for the Neotropical clade . Sister to each other, Arthrostylidiinae and Guaduinae are each well supported as monophyletic based on morphological and molecular data (Ruiz-Sanchez 2011; Tyrrell et al. 2012; Kelchner and BPG 2013) , while the monophyly of Chusqueinae, which includes only the genus Chusquea Kunth, is based primarily on molecular evidence although all members share Handling editor: Mike Thiv.
& Thales D. Leandro thaleshdias@gmail.com the presence of two papillae per subsidiary cell and oneflowered spikelets with four glumes and no rachilla extension (Fisher et al. 2009 (Fisher et al. , 2014 Kelchner and BPG 2013) . Chusquea is the most diverse genus of Neotropical woody bamboos, comprising more or less 175 described species primarily from montane forests with some inhabiting high elevation grassland formations (Judziewicz et al. 1999; Fisher et al. 2014) . Plastid sequence data support the existence of four clades within Chusquea (Fisher et al. 2009 (Fisher et al. , 2014 : (1) subg. Magnifoliae; (2) subg. Platonia; (3) subg. Rettbergia; and (4) the major Euchusquea clade, comprising subg. Swallenochloa and subg. Chusquea, and including about 75% of the species diversity of the genus. However, inferring relationships within the Euchusquea clade with confidence remain a challenge because its morphological-based subgeneric and sectional classification (Clark 1989; Fisher et al. 2009 Fisher et al. , 2014 ) is largely incongruent with the molecular topology. On the other hand, the Chusquea ramosissima informal group, which is distinguished by a unique combination of morphological characters within the Euchusquea clade, also was supported in the molecular phylogeny (Fisher et al. 2009 (Fisher et al. , 2014 .
The C. ramosissima informal group, defined by the presence of culm leaves with pseudopetiolate, deciduous blades that usually remain green and racemose or weakly paniculate synflorescences, consists of C. ramosissima Lindman, C. tenella Nees, and C. tenuiglumis Döll (Fisher et al. 2009 (Fisher et al. , 2014 . These species are distributed in Argentina, Bolivia, Brazil, Paraguay, and Uruguay, and occupy Atlantic or montane forests from sea level to 1200 m in elevation (Judziewicz et al. 1999) . Previously, these three species were included within subg. Rettbergia (Judziewicz et al. 1999); however, Fisher et al. (2009 however, Fisher et al. ( , 2014 and Mota (2013) excluded them from subg. Rettbergia and placed them within subg. Chusquea, based on their infravaginal branching and the more or less constellate arrangement of subsidiary buds with respect to the central bud (Clark 2004) , as well as the unambiguous resolution of C. ramosissima and C. tenella within the Euchusquea clade based on plastid data.
Woody bamboos grow vegetatively for long periods, and then their life cycle usually ends after a single gregarious flowering episode (Seifriz 1950; Janzen 1976; Judziewicz et al. 1999; Ruiz-Sanchez et al. 2017) . For this reason, vegetative morphological data from rhizomes, culms, branches, and leaves remain extremely important for bamboo studies. Anatomical and micromorphological surveys in addition to morphological ones have established the importance of these types of features in providing the basis for a more natural classification within the grass family (e.g., Guglieri et al. 2008; Oliveira et al. 2008; Gomes and Neves 2009; Pelegrin et al. 2009; Aliscioni et al. 2016; Leandro et al. 2016a, b) . Although diagnosable macro-morphological characters of Chusquea and its subgenera have been identified (Fisher et al. 2009 (Fisher et al. , 2014 , there is a lack of knowledge with respect to the value of leaf blade anatomical and micromorphological features across the genus, even considering the amount of data available in the literature (e.g., Clark 1986 Clark , 1990 Clark et al. 1989; Montti et al. 2008 Montti et al. , 2009 Guerreiro et al. 2013; Lizarazu 2013) .
Thus, considering the incongruence between the chloroplast phylogeny versus the morphology-based classification of the Euchusquea clade, and the need for anatomical and micromorphological studies in the genus, the main objective of the current work was to examine leaf blade micromorphology and anatomy and test their value for circumscription across species within the morphologically based C. ramosissima informal group (Fisher et al. 2009 (Fisher et al. , 2014 . To that end, C. ramosissima, C. tenella, and C. tenuiglumis were studied. We also included a putative undescribed species of Chusquea from Bolivia that belongs to this group and is morphologically similar to C. ramosissma.
Materials and methods

Taxon sampling
The following three species comprising the C. ramosissima informal group (Fisher et al. 2009 (Fisher et al. , 2014 were studied: C. ramosissima, C. tenella, and C. tenuiglumis. Chusquea ramosissima is widely distributed in Argentina, Bolivia, Brazil, Paraguay, and Uruguay, C. tenella occurs in Argentina, Brazil and Uruguay, and C. tenuiglumis is endemic to Brazil. Depending on available material, we balanced sampling to represent the geographic ranges of these species as well multiple populations in relative proximity (Table 1) , but we did not include any material from Uruguay as the only available specimens were not in good condition. We also included three samples of a putative new species from Bolivia referred to as Chusquea sp. nov. (Table 1 ). The observation of specimens using scanning electron microscopy (SEM) or light microscopy (LM) is indicated in Table 2 .
Material for both micromorphology and anatomy was taken from fully expanded leaf blades in the middle of the branch complement, from either sterile or fertile herbarium specimens. For both C. ramosissima and C. tenella, a majority of available specimens were fertile, as bamboos tend to be collected by non-specialists only when in flower, but for each species, two or more sterile collections were also available and sampled. Available specimens for C. tenuiglumis and Chusquea sp. nov. were all sterile; the only flowering specimen of C. tenuiglumis is the type with limited leaf material, and thus we did not sample it.
Micromorphology (SEM)
Two pieces of approximately 0.5 cm 2 of the middle portion of a fully expanded branch leaf were excised and attached to a cylindrical sample holder (stub) such that both adaxial and abaxial surfaces were exposed, and coated with a thin sample of gold (Denton vacuum Desk III). At least two specimens per species were submerged in xylene for approximately 10 min, eliminating the epicuticular wax to provide a better view of micromorphological features (Dávila and Clark 1990) . Observation and images of the surface view were obtained with the aid of a scanning electron microscope (JEOL JSM-5800LV) in the Microscopy and Nano-Imaging Facility (MNIF) at Iowa State University (ISU).
Anatomy (LM)
The middle portion of fully expanded branch leaves was excised and then immersed in polyethylene glycol 1.500 solution and kept in an incubator at 60°C for fifteen days (adapted from Richter 1985) . Cross sections were made using a Spencer 820 rotary microtome, and then they were cleared in 50% sodium hypochlorite, rinsed in distilled water, and stained in epoxy tissue stain (Spurlock et al. 1966) . Semi-permanent slides were mounted in 50% glycerin and analyzed under a light microscope (Olympus BX-40).
Leaf clearings were performed in order to describe the structures in surface view. For this purpose, pieces of approximately 0.5 cm 2 from the middle portion of a fully expanded branch leaf were removed. These pieces were hydrated through a graded series of ethyl alcohol (50, 25 and 10%) and then soaked in 1:1/dH 2 0 (deionized water) until the samples were translucent. Samples were rinsed with dH 2 0, dehydrated through a graded series of ethyl alcohol (25, 50, and 70%), and then stained with 1% safranin and 0.5% fast green in ethanol (adapted from Johansen 1940) . Stained samples were treated with ethyl alcohol (95 and 100%), washed with xylene and then with xylene and Permount (1:1). Permanent slides were mounted with Permount.
Images and terminology
For both sections and clearings, photomicrographs were obtained with the aid of a Zeiss Axio Observer microscope in the MNIF at ISU using ZEN 2.0 blue software, and applying different light contrast regimes. The terminology for the leaf blade in cross section and in surface view was primarily followed Ellis (1976 Ellis ( , 1979 , but updates in leaf blade terminology were considered as appropriate. The widely employed term ''fusoid cells'' was used as a proxy for the usually conspicuous intercellular spaces (often including cell wall remnants) produced by fusoid cell collapse during development as seen in cross section (Vega et al. 2016) .
Results
The following data in tabular form are available upon request from the first author. A summary of the most informative micromorphological and anatomical features for each species is provided in Table 3 .
Epidermal surfaces (SEM and clearings)
Data for epidermal cells as seen with scanning electron microscopy (Figs. 1, 2a-c) and with light microscopy of clearings ( Fig. 2d-m) are merged in order to provide a better understanding.
The epidermis consists of alternating long and short cells (Figs. 1a-i, 2a-f, i-l) covered with a layer of epicuticular wax (e.g., Fig. 1a ). In general, long cells are tabular shaped with thin, undulating anticlinal walls (Figs. 1c, i, 2i) . Intercostal long cells on both leaf blade surfaces often bear dome-shaped papillae that are often organized in one or two central rows (Figs. 1a, l) , but only scattered papillae may be observed on the abaxial long cells of C. ramosissima (Fig. 1b) and the adaxial ones of C. tenuiglumis (Fig. 1g) . Papillae are usually absent or poorly developed in the interstomatal band of the intercostal zone in C. ramosissima (Fig. 1b) and C. tenuiglumis (Fig. 1h, i ), but often are well developed in C. tenella (Fig. 1e, f) and Chusquea sp. nov. (Fig. 2b) .
Short cells may be developed as silica cells or cork cells (Fig. 2g, l) . Silica cells occur in the costal zone on both surfaces and they are associated with tabular short cells (e.g., Fig. 2k ), but they also occur scattered on the adaxial surface (sometimes also abaxially) in the intercostal zone (e.g., Figs. 1d, e, 2a, f). In the costal zone (over the veins), silica cells are horizontally oriented (e.g., Fig. 2d , e, j, k), but in the interstomatal band of the intercostal zone, silica cells are always vertically oriented (e.g., Fig. 2f, l, m) . With regard to shape, silica cells are mainly saddle-shaped (e.g., Fig. 2j ), but dumbbell-shaped (Fig. 3d , e, k) and irregular-crenate cells (Fig. 2d) can be observed in the same specimen/sample. Also, rarely, intercostal long cells might be silicified forming elongated tabular crenate silica cells (Fig. 2i) . Cork cells are tall and narrow and occur as silico-suberose pairs mostly in the intercostal zone (Fig. 2g, l) .
Stomata are always observed on the abaxial epidermis in rows (Figs. 1b, c , e, f, h, i, 2b, c, e, f, m), but they occur scattered on the adaxial epidermis in C. tenuiglumis (Fig. 1g) , and Chusquea sp. nov. (Fig. 3c, arrowhead) . On the abaxial epidermis, the number of rows of stomata is variable (one to three) among species (e.g., Fig. 1b , c, f, h, i), and usually there is only one interstomatal long cell separating successive stomata in a row (e.g., Fig. 1c, i) . The stomatal apparatus is paracytic (e.g., Fig. 2m ) with subsidiary cells that are low dome shaped (Fig. 2f) or low triangular shaped (Fig. 2m ) and bearing two papillae each, the papillae branched (Fig. 1c, i) or not (simple) (Figs. 1f,  2c ). Branched papillae completely overarch the guard cells and form a chamber above the pore (Fig. 1c, i) . In C. tenella and Chusquea sp. nov., the simple papillae arch over and meet across the guard cells, but do not form a chamber (Figs. 1f, 2c) .
Trichomes can be of five types: (1) silicified and pointed unicellular with the base forming an integral part of the epidermis (prickle hair); (2) silicified unicellular with a cell that emerges straight out of the epidermis (microhair); (3) non-silicified unicellular (macrohair); (4) non-silicified bicellular with a basal and a distal cell (microhair); (5) nonsilicified bicellular with many specialized epidermal cells adjacent to the hair base (microhair). Prickle hairs occur on both surfaces in C. tenella (Fig. 1d, e) and Chusquea sp. nov. (Fig. 2b, c) . Non-silicified macrohairs occur on both surfaces of Chusquea sp. nov. (Fig. 2a, b) and may be observed on the abaxial surface of C. ramosissima and C. tenella (Fig. 2e ) Silicified unicellular microhairs occur often on the abaxial surface (rarely adaxially) in C. tenella and Chusquea sp. nov. (Fig. 2a, h ), whereas bicellular microhairs occur on the abaxial surface of all the studied species (e.g. , Figs. 1b, e, h, 2b) .
Cross section
The outline of the leaf blade as seen in cross section is gently undulated (e.g., Fig. 3a, b) . The epidermis consists of a single layer of cells with slightly thickened outer periclinal walls in most of the species (e.g., Fig. 3a, b, d, e) . Epidermal cells are all about the same size except for the presence of fan-shaped arrays of bulliform cells in between the bundles as part of the adaxial epidermis (e.g., Fig. 3a,  b) . The number of bulliform cells in each array is variable among samples within the same species.
The mesophyll comprises asymmetrically invaginated arm cells, fusoid cells, and rosette cells (e.g., Fig. 3a-c) . Arm cells are organized in two layers (e.g., Fig. 3a-c) , and invaginations of these cells are from the abaxial side (e.g., Fig. 3a-c) . Just one layer of arm cells is observed adjacent to the abaxial surface, in which the invaginations are relatively shallow and often occur just from the adaxial side (e.g., Fig. 3a, b) . Surrounded by arm cells and adjacent to the vascular bundles, the fusoid cells are highly variable in shape and size among and within ? Presence, -absence Foliar micromorphology and anatomy of the Chusquea ramosissima informal group 749 tenuiglumis (Clark and Morel 706) . ilc intercostal long cell, ma macrohair, mi microhair, pa papilla, pr prickle, sc silica cell, st stomatal apparatus. Scale bars 60 lm (a, b, d, e, g, h), 13 lm (c, f, i), 6.5 lm (insets) . cc cork cell, csc costal short cell, ds dumbbell shaped silica cell, gc guard cells, hsc horizontally oriented silica cell, ilc intercostal long cell, isc irregular-crenate silica cell, ma macrohair, mi microhair, pa papilla, pr prickle, sc silica cell, smi silicified unicellular microhair, ss saddle shaped silica cell, st stomatal apparatus, su subsidiary cell, tcs tabular crenate silica cell, vn vein. Scale bars 5 lm (g-m), 6.5 lm (inset), 10 lm (f), 20 lm (d, e), 60 lm (a, b), 13 lm (c) species/specimens (e.g., Fig. 3a-e) . These cells occur along the entire lamina, except at the margins. Rosette cells occur between fusoid cells (e.g., Fig. 3a, b) , with the number of cells extremely variable in each group along the leaf blade. With regard to the vascular tissue, xylem and phloem are collateral and surrounded by a double sheath, the inner mestome sheath and the outer parenchymatic sheath (e.g., Fig. 3a, b) . Vascular bundles comprise two types: (1) first order with distinguishable metaxylem and phloem (e.g., Fig. 3a, b) ; and (2) third order, small vascular bundles with usually a few lignified tracheary elements and a small patch of phloem (e.g., Fig. 3a, b) . Girders occur in both types of vascular bundles, but only the parenchymatic sheath from the first-order vascular bundles is abaxially interrupted by this arrangement of fibers (e.g., Fig. 3b ). The midrib is complex and is composed of one large abaxial and one smaller adaxial opposing vascular bundle (e.g., C. tenuiglumis, Fig. 3d ) or one large abaxial and two smaller opposing bundles (C. tenella, Fig. 3e ), all sharing the same bundle sheaths.
Leaf blade margins are mainly acute, but one acute and one obtuse margin (dimorphic) may be observed within the same leaf blade of C. ramosissima (Table 3) . Also, the amount of sclerenchyma cells in this region is variable among species and even within the same sample.
Discussion Micromorphological and anatomical data
At least some long cells with papillae; fan-shaped arrays of bulliform cells; a mesophyll with some strongly invaginated arm cells, fusoid cells, rosette cells, and collateral vascular bundles surrounded by a double sheath; and a C 3 photosynthetic pathway are features shared by all the studied species and also are general for Bambusoideae (Metcalfe 1960; Calderón and Soderstrom 1973; Hattersley 1987; Judziewicz et al. 1999; Oliveira et al. 2008; Gomes and Neves 2009; Viana 2010; Mota 2013; Leandro et al. 2016b ). This study reveals many anatomical similarities among the sampled species while also demonstrating that micromorphological features, especially those of the stomatal complex, prove to be more systematically informative. Presence or absence of trichomes and their type, shape of silica bodies, type of arm cells, and the midrib structure may be useful at the species level. 
Implications for systematics
The occurrence of intercostal fibers, presence or absence of papillae on the subsidiary cells and midrib structure seem to be the primary differences between the subtribes Chusqueinae and Arthrostylidiinae (Soderstrom and Ellis 1987; Leandro et al. 2016b) . Intercostal fibers and a simple midrib are diagnostic features for Arthrostylidiinae, whereas the Chusqueinae is recognized by the presence of a stomatal apparatus bearing two papillae per subsidiary cell, lack of intercostal fibers, and a complex midrib (Fisher et al. 2009 (Fisher et al. , 2014 Clark et al. 2015) . Comparatively, Guaduinae is distinguished from these two subtribes by the adaxial epidermis having abundant stomata and often welldeveloped papillae (Judziewicz et al. 1999; Ruiz-Sanchez et al. 2008; BPG 2012; Clark et al. 2015) . Guaduinae also lack intercostal fibers and possess a complex midrib, and both the Arthrostylidiinae and Guaduinae lack any papillae on the subsidiary cells .
Papillae are considered characteristic of bamboo leaves (Judziewicz et al. 1999) , and thus they may be systematically informative for this group (e.g., Calderón and Soderstrom 1973; Gomes and Neves 2009; Zhang et al. 2014; Leandro et al. 2016b) ; however, in our study, intraspecific variation in the development of papillae is observed in all four species, in which papillae may vary from poorly to well developed (rarely completely absent). For example, C. ramosissima specimens herein studied exhibit papillae mostly in the stomatal band, as well as on the adaxial surface, but specimens from Argentina exhibit an epidermis with no papillae on the long cells of either surface (Lizarazu 2013; Montti et al. 2008) . Despite this remarkable intraspecific variation, C. ramosissima consistently exhibits a stomatal apparatus bearing two branched papillae (this study and Lizarazu 2013). Because C. ramosissima is so widely distributed (Judziewicz et al. 1999) , it is perhaps not surprising that it exhibits variation in some features, but it is also possible that some of this variation in papillar development in the species of this group is due to environmental effects (e.g., sun/shade, March and Clark 2011) that have not been explored in this group. Also, we observed that papillar development in C. ramosissima and C. tenella did not correlate with reproductive state-this is consistent with the fact that we also observed some variation among the specimens of C. tenuiglumis and Chusquea sp. nov., which only sterile material was examined.
The stomatal apparatus in Bambusoideae (and Poaceae) is composed of a pair of guard cells surrounded by two paracytic subsidiary cells (Metcalfe 1960; Ellis 1979; Judziewicz et al. 1999) . Subsidiary cells bearing two papillae are a feature shared by all the studied species, and it is putatively a synapomorphic character for Chusquea within the woody bamboos, although it is known to occur in Olyreae (Soderstrom and Ellis 1987; Fisher et al. 2009 Fisher et al. , 2014 Clark et al. 2015) . Although the presence of branched papillae on the subsidiary cells has been previously reported for other species of Chusquea (Clark 1986 (Clark , 1989 , the presence of two branched papillae that completely overarch the guard cells herein observed in C. ramosissima and C. tenuiglumis is highly informative for identifying these two species within this group. However, branched papillae are easily visible only with aid of SEM techniques, and thus the stomatal apparatus of these species may be erroneously interpreted. For instance, based on light microscopy, Montti et al. (2008) reported that the stomatal apparatus of C. ramosissima bears refractive papillae, without indicating how many per cell or the structure of the papillae. Refractive papillae were reported, but not adequately defined or described, by Soderstrom and Ellis (1987) for some bamboo groups, but not for Chusqueinae. It is possible that under LM, the papillae of the subsidiary cells appear to be refractive, but in the SEM images , these papillae do not appear qualitatively different from the papillae of the long cells.
Species herein studied share a complex midrib vasculature as expected for Chusquea (BPG 2012; Clark et al. 2015) , although not composed solely of independent vascular bundles. The complex midrib in species of subg. Rettbergia (currently 15 described species) often comprises at least two vascular bundles, each one usually with their own bundle sheaths (except for C. pulchella L.G. Clark and C. sellowii Rupr., in which two bundles share both sheaths) (Mota 2013), and Guerreiro et al. (2014) showed this condition in three species of Chusquea subg. Platonia. In contrast, a midrib composed of one central vascular bundle that shares its own bundle sheaths with one or two opposing vascular bundles is a shared feature among the species herein studied, which are all placed within subg. Chusquea (Fisher et al. 2009 ). In the C. ramosissima informal group, a midrib with a few elements of xylem and phloem embedded in fibers is observed opposite to the abaxial vascular bundle-and sometimes these are difficult to distinguish. For instance, Montti et al. (2008) interpreted the midrib vasculature of C. tenella as comprising two opposing vascular bundles; however, two groups of xylem elements can be distinguished in the figure provided by the authors (see Fig. 6D in Montti et al. 2008) . The developmental pattern of the midrib vasculature within Chusquea deserves broader study in order to verify its value for systematics across the genus.
All species of the C. ramosissima informal group, including Chusquea sp. nov., share horizontally oriented, dumbbell-shaped silica cells over the veins, which was also observed by Montti et al. (2008) and Lizarazu (2013) for C. ramosissima and C. tenella. Soderstrom and Ellis (1987) reported that horizontally oriented, dumbbell-shaped silica cells over the veins are diagnostic for Chusqueinae and unusual in bamboos generally, with the more typical condition being vertically oriented silica cells. However, although horizontally oriented dumbbell-shaped silica cells over the veins are characteristic of the C. ramosissima informal group and a few other species (e.g., C. coronalis Soderstr. & C. Calderón, C. juergensii Hack., C. pittieri Hack., C. simpliciflora Munro), many other species of Chusquea show only vertically oriented silica cells over the veins (Clark 1986 (Clark , 1990 Lizarazu 2013) .
Chusquea ramosissima and C. tenuiglumis exhibit branched papillae on the subsidiary cells, but they may be distinguished by the margins (dimorphic or not), and by the number of rows of stomata in the intercostal zone on the abaxial surface (two or three). The stomatal apparatus is also useful for distinguishing C. ramosissima and Chusquea sp. nov., which are morphologically similar, although the relatively wider leaf blades and shorter synflorescences of Chusquea sp. nov. initially suggested that it might deserve recognition as a distinct species. Our results support this, and it is being described as a new species as part of a taxonomic revision of this group. Chusquea tenella and Chusquea sp. nov. are similar in their micromorphology, but C. tenella differs from it and the other two species of the group in having three vascular bundles in the midrib rather than just two in addition to differences in leaf blade shape and size and spikelet characters.
Conclusions
Our results show that horizontally elongated silica cells over the veins and adaxial arm cells with invaginations only from the abaxial side, along with morphological features such as culm leaves with pseudopetiolate, deciduous blades that usually remain green and racemose or weakly paniculate synflorescences (Fisher et al. 2009 (Fisher et al. , 2014 strongly support the recognition of the Chusquea ramosissima informal group. The results also support the recognition of Chusquea sp. nov. from Bolivia as distinct from C. ramosissima. Broader foliar anatomical and micromorphological studies within Chusquea are needed, including study of the midrib structure and the potential for environmental effects on micromorphology.
Taxonomic treatment
Identification key based on micromorphological and anatomical features of the Chusquea ramosissima informal group 1a. Each subsidiary cell bearing two branched papillae (Fig. 1c, i ) ………………………………………… 2 1b. Each subsidiary cell bearing two simple papillae (Figs. 1f, 2c ) ………………………………………… 3 2a. Leaf blade margins dimorphic, often exhibiting groups of two rows of stomata in the intercostal zone on the abaxial surface ……………………… C. ramosissima 2b. Leaf blade margins structurally similar; often exhibiting groups of three rows of stomata in the intercostal zone on the abaxial surface ………………… C. tenuiglumis 3a. Midrib composed of two opposing vascular bundles (e.g., Fig. 3e ) …………………… Chusquea sp. nov. 3b. Midrib composed of three vascular bundles, two smaller ones opposing the major one (Fig. 3f) 
